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TITLE OF THE INVENTION 


Semiconductor Device and its Manufacturing Method 

ABSTRACT 
[Purpose] 

The purpose of this invention is to improve the heat 
radiating characteristics and reliability of a multichip 
module-type semiconductor device in which semiconductor 
chips are flip-chip bonded in a face-down state with solder 
bumps, while the device is miniaturized. 

[Configuration] 

In a semiconductor device in which semiconductor chips 
22a to 22 d are bonded to substrate 24 using bumps 23 and the 
separate space between semiconductor chips 22a to 22d and 
substrate 24 is filled with resin 25, multichip module 21 is 
formed by adjacently arranging semiconductor chips 22a to 
22d, and resin-filled section 33 is formed so that the space 
between adjoining semiconductor chips 22a to 22d of 
multichip module 21 can be filled- with resin. 

WHAT IS CLAIMED 

1. A semiconductor device in which plural semiconductor 
chips (22a to 2 2d) are bonded to a substrate (24) using 
protruding electrodes (23) and a separate space between 
semiconductor chips (22a to 22d) and the substrate (24) is 
filled with resin (25), comprising adjacently arranged 
semiconductor chips (22a to 22d) and a resin-filled section 
(33) formed at the center of adjoining semiconductor chips 
(22a to 22d) to be filled with resin (25) . 

2 . A semiconductor device in which plural semiconductor 
chips (22a to 22d) are bonded to a substrate (24) using 
protruding electrodes (23) and a separate space between 
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semiconductor chips (22a to 22d) and the substrate (24) is 
filled with resin (25) , corr^rising semiconductor chips (22a 
to 22d) with a notch (34) at the chip corner and a resin- 
filled section (33) formed by adjacently arranging 
semiconductor chips (22a to 22d) with the notches (34) 
facing each other at the center of adjoining semiconductor 
chips (22a to 22d) to be filled with resin (25). 

3 . A manufacturing method of semiconductor devices 
comprising the steps of: 

forming a separate space between plural semiconductor chips 
(22a to 22d) with protruding electrodes (23) and a substrate 
(24) by arranging semiconductor chips (22a to 22d) on the 
substrate (24) , 

forming a resin-filled section (33) at the center of 
adjoining semiconductor chips (22a to 22d) to be filled with 
resin (25) , and 

filling the separate space with resin (25) from the resin- 
filled section (33) . 


DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Scope of Utilization in Industry] 

This invention relates to a semiconductor device and its 
manufacturing method, in particular, a multichip module- type 
semiconductor device in which semiconductor chips are flip- 
chip bonded in a face-down state with protruding electrodes 

(solder bumps) . 

[0002] 

Recently, the development of technology for a multichip 
module (MCM) in which semiconductor chips are flip-chip 
bonded in a face-down state with solder blimps has been 
required because of the need for semiconductor chips with 
higher speeds and densities. 
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[0003] 

For MCMs, the space between semiconductor chips and the 
substrate is filled with resin having the characteristics of 
insulation and high heat conductivity so that solder bumps 
can have a longer lifetime and efficient heat conductivity 
from semiconductor chips to the substrate. 

[0004] 

Therefore, it is important to fill this space between 
the semiconductor chips and substrate with resin in order to 
lengthen biamp lifetime and to improve the heat radiating 
characteristics and reliability of a semiconductor device. 

[0005] 
[Prior Art] 

Figure 6 shows multichip module 1 incorporated into a 
conventional semiconductor device. This prior art shows 
multichip module 1 in which four semiconductor chips 2a to 
2d are arranged. 

[0006] 

As shown in figure 6, semiconductor chips 2a to 2d are 
arranged separately and bonded to substrate 4 with solder 
bumps 3. In detail, solder bumps 3 are formed on electrodes 
that have been formed on semiconductor chips 2a to 2d, and 
lead electrodes (not shown) corresponding to the above 
electrodes are formed on substrate 4. 

[0007] 

After solder biamps 3 formed on semiconductor chips 2a to 
2d are aligned to the lead electrodes, semiconductor chips 
2a to 2d are heated in a face-down state to substrate 4 in 
order to weld solder bumps 3 to the lead electrodes. By 
using the flip-chip bonding method, semiconductor chips 2a 
to 2d can be bonded to substrate 4 at once regardless of the 
number of electrodes. This method can be utilized for 
multiple-electrode semiconductor chips. 
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[0008] 

A separate space between semiconductor chips 2a to 2d 
and substrate 4 is filled with resin 5 (figure 7) , Resin 5 
has the characteristics of insulation and high heat 
conductivity. Filling resin 5 can prevent solder bumps 3 
from being oxidized and can lengthen the lifetime of solder 
bumps 3 . Since resin 5 has the high heat-conductivity 
characteristics, heat that has been generated from 
semiconductor chips 2a to 2d is radiated through resin 5 to 
substrate 4. Therefore, filling with resin 5 can improve 
the heat radiating characteristics of multichip module 1. 

[0009] 

Conventionally, to fill a separate space between 
semiconductor chips 2a to 2d and substrate 4 with resin 5, 
as shown in figure 6, resin 5 is dropped with res in- filling 
cylinder 13 at the periphery of semiconductor chips 2a to 2d 
arranged on substrate 4, and substrate 4 is set at an 
incline in order to flow resin 5 into the separate space 
between semiconductor chips 2a to 2d and substrate 4 . 

[0010] 

Figure 7 shows a semiconductor device incorporating 
multichip module 1. In this figure, ceramic paclcage 7 
incorporates multichip module 1, and wires 10 are connected 
between internal electrodes 8 formed on paclcage 7 and 
external connection electrodes 9 formed on substrate 4 of 
multichip module 1 by wire bonding. 

[0011] 

Leads 11 formed on paclcage 7 are connected to internal 
electrodes 8 through internal wires formed in paclcage 7 . 
Therefore, the electrodes of semiconductor chips 2a to 2d in 
multichip module 1 are connected to leads 11 via the 
internal electrodes and internal wires of paclcage 7 . 

[0012] 
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Metal cap 12 is then attached on package 7 incorporating 
multichip module 1, and multichip module 1 is sealed in 
package 7 . 

[0013] 

[Problems to be Solved by the Invention] 

In recent years, the miniaturization of semiconductor 
devices has been increasingly required. There are similar 
requirements for the semiconductor device that incorporates 
multichip module 1. For the miniaturization of 
semiconductor devices, in place of the configuration in 
which semiconductor chips 2a to 2d are separately arranged 
on substrate 4 as shown in figure 6, multichip module la in 
which semiconductor chips 2a to 2d are adjacently arranged 
can be seen, as shown in figure 8, 

[0014] 

Multichip module la in which semiconductor chips 2a to 
2d are adjacently arranged can be miniaturized. However, in 
the conventional method, in which resin 5 is flowed from the 
periphery of semiconductor chips 2a to 2d, the separate 
space between semiconductor chips 2a to 2d and substrate 4 
cannot be precisely filled with resin 5. 

[0015] 

When semiconductor chips 2a to 2d are adjacently 
arranged as shown in figure 8, since two sides of each 
semiconductor chip are in contact with the sides of other 
semiconductor chips, resin 5 cannot be filled from the 
adjoining sides. Therefore, in multichip module la in which 
semiconductor chips 2a to 2d are adjacently arranged, it is 
difficult to precisely fill resin 5 at the center. 
Accordingly, solder bumps 3 may be oxidized and its lifetime 
may be shortened at the center as well as its heat radiating 
characteristics will begin to deteriorate. 

[0016] 
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The objective of this invention is to provide a 
semiconductor device and its manufacturing method which 
improve the heat radiating characteristics and reliability 
of the device and also enable the device to be miniaturized 
at the same t ime , 

[0017] 

[Means for Solving the Problem] 

To solve the above problems, a semiconductor device, in 
which plural semiconductor chips are bonded to a substrate 
using protruding electrodes and the separate space between 
semiconductor chips and the substrate is filled with resin, 
comprises adjacently arranged semiconductor chips and a 
resin-filled section formed at the center of adjoining 
semiconductor chips to be filled with resin. 

[-0018] 

In a semiconductor device in which plural semiconductor 
chips are bonded to a substrate using protruding electrodes 
and the separate space between semiconductor chips and the 
substrate is filled with resin, a notch is formed at the 
corner of each semiconductor chip, and a resin-filled 
section is formed by adjacently arranging semiconductor 
chips with the notches facing the center of the adjoining 
semiconductor chips to be filled with resin. 

[0019] 

A manufacturing method of semiconductor devices 
comprises the steps of forming a separate space between 
plural semiconductor chips with protruding electrodes and a 
substrate by arranging semiconductor chips on the substrate, 
forming a resin-filled section at the center of adjoining 
semiconductor chips to be filled with resin, and filling the 
separate space with resin from the resin-filled section. 

[0020] 
[Operation] 
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For the above configured semiconductor device and its 
manufacturing method, since plural semiconductor chips are 
adjacently arranged, a multichip module can be miniaturized. 

[0021] 

In addition, since the separate space between 
semiconductor chips and the substrate is filled with resin 
through the resin-filled section formed at the adjoining 
position of the semiconductor chips, the entire area in 
which the semiconductor chips face the substrate can be 
filled with resin even when plural semiconductor chips are 
adjacently arranged. 

[0022] 

[ Embodiment ] 

This invention is described in detail below based on an 
embodiment shown in the accompanying drawings . 

[0023] 

Figure 1 shows the cross-section of semiconductor device 
20 related to an embodiment of this invention. In figure 1, 
item 27 is a ceramic paclcage, and multichip module 21, which 
is the main unit of this invention, is incorporated in 
paclcage 27. In multichip module 21, four semiconductor 
chips 22a to 22d are arranged on substrate 24, as described 
later. 

[0024] 

External connection electrodes 29 are formed on the 
periphery of substrate 24 in multichip module 21 to be 
electrically connected with semiconductor chips 22a to 22d. 
Internal electrodes 2 8 are formed on the inside step of 
paclcage 27. Wires 30 are formed by wire bonding to 
electrically connect between external connection electrodes 
29 and internal electrodes 28. 

[0025] 
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Leads 21 are formed on package 27 and connected to 
internal electrodes 2 8 through internal wires formed in 
package 27. (Package 27 has a multi-layer structure and 
internal wires are formed in package 27.) Therefore, the 
electrodes of semiconductor chips 22a to 22d in multichip 
module 21 are connected to leads 21 via the internal 
electrodes and internal wires of package 27, 

[0026] 

Metal cap 32 is attached on package 27 incorporating 
multichip module 21, and multichip module 21 is sealed in 
package 27, The configuration of package 27 is basically 
the same as that of conventional package 7 . 

[0027] 

The configuration of multichip module 21, which is the 
main unit of this invention, is described using figures 1, 
2 , and 3 , 

[0028] 

As shown in figures 2 and 3, the first feature of 
multichip module 21 related to this embodiment is that 
semiconductor chips 22a to 22d are adjacently arranged on 
the center of substrate 24, That is, semiconductor chips 
are in contact with other chips, unlike the prior art, 

[0029] 

Since semiconductor chips 22a to 22d are not separate 
from each other, substrate 24 which is smaller than the 
prior art can incorporate the same number of semiconductor 
chips (four in this embodiment), thus miniaturizing 
semiconductor device 20 (compare figures 1 and 7) . 

[0030] 

For multichip module 21 related to this embodiment, the 
second feature is resin-filled section 33, which is formed 
at the center of adjoining semiconductor chips 22a to 22d to 
be filled with resin 25. 
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[0031] 

Resin-filled section 33 can be easily formed by- 
selecting the arrangement of semiconductor chips 22a to 22d. 
It is unnecessary to form other components. Forming resin- 
filled section 33 does not increase the manufacturing cost 
of semiconductor device 20. 

[0032] 

The manufacturing procedure of the above configured 
multichip module 21 is described below. 

[0033] 

Similar to the prior art, solder bumps 23 are foirmed on 
semiconductor chips 22a to 22d, and semiconductor chips 22a 
to 2 2d are bonded to substrate 24 with solder bumps 23 . In 
detail, solder bumps 23 are formed on electrodes, which have 
been formed on semiconductor chips 22a to 22d, and lead 
electrodes (not shown) corresponding to the above electrodes 
are formed on substrate 24. 

[0034] 

After solder bumps 23 formed on semiconductor chips 22a 
to 2 2d are aligned to the lead electrodes in a face-down 
state to substrate 24, semiconductor chips 22a to 22d are 
heated to weld solder bumps 23 to the lead electrodes. The 
formation position of the lead electrodes has been specified 
so that semiconductor chips 22a to 22d are in contact with 
each other and resin-filled section 33 is formed at the 
center of adjoining semiconductor chips 22a to 22d. A 
separate space with a height of solder bumps 23 is formed 
between semiconductor chips 22a to 22d and substrate 24. 

[0035] 

After semiconductor chips 22a to 2 2d are adjacently 
arranged at the center of substrate 24, the separate space 
between semiconductor chips 22a to 22d and substrate 24 is 
filled with resin 25. 
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[0036] 

Resin 25 has the characteristics of insulation and high 
heat conductivity. Filling resin 25 can prevent solder 
bumps 23 from being oxidized and can lengthen the lifetime 
of solder bumps 23 . Heat generated from semiconductor chips 
22a to 22d can be efficiently radiated through resin 25 to 
substrate 24. 

[0037] 

As described above, since resin- filled section 3 3 is 
formed at the center of adjoining semiconductor chips 22a to 
22d in multichip module 21 related to this embodiment, resin 
25 can be filled with from resin-filled section 33, while 
resin can be filled from the side of the semiconductor chip 
that is not in contact with the sides of other chips. 
Figure 2 shows the state of filling with resin 25 from 
resin-filled section 33. 

[0038] 

Since resin 25 is filled with via resin-filled section 
33 at the center of semiconductor chips 22a to 2 2d 
adjacently arranged, the entire area in which semiconductor 
chips 22a to 22d face to substrate 24 can be filled with 
resin 25. 

[0039] 

Therefore, solder bumps 23 can be completely sealed with 
resin 25, thus preventing the lifetime of solder bumps 23 
from being shortened. In addition, since semiconductor 
chips 22a to 22d can be completely bonded to substrate 24 
with resin 25, heat generated from semiconductor chips 22a 
to 22d can be efficiently radiated to substrate 24, thus 
improving the heat radiating characteristics. 

[0040] 

Figures 4 and 5 show a modified embodiment. In the 
above described embodiment shown in figures 1 to 3 , resin- 
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filled section 33 is formed by selecting the arrangement of 
semiconductor chips 22a to 22d. 

[0041] 

In the modified embodiment, as shovm in figure 4, notch 
34 is formed at the specified comer of semiconductor chip 
22, As shown in figure 5, plural semiconductor chips 22 are 
arranged so that notches 34 formed on semiconductor chips 
22a to 22d face each other to form resin-filled section 33. 
For this configuration, it is unnecessary to consider the 
arrangement of semiconductor chips 22a to 22d, thus 
simplifying the positioning of semiconductor chips 22a to 
22d. 

[0042] 

[ Advant age s of the Invent i on ] 

As described above, this invention caji obtain the 
following advantages and at the same time the semiconductor 
device can be miniaturized. 

[0043] 

Bumps can be completely sealed with resin, thus 
preventing the lifetime of bumps from being shortened. 

[0044] 

Since semiconductor chips can be completely bonded to 
the substrate with resin, heat generated from semiconductor 
chips can be efficiently radiated to the substrate, thus 
improving the heat radiating characteristics . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-section of a semiconductor device 
related to an embodiment of this invention. 

Figure 2 is a perspective view of a multichip module 
incorporated in the semiconductor device related to an 
embodiment of this invention. 
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Figure 3 is a plan view of the multichip module 
incorporated in the semiconductor device related to an 
embodiment of this invention. 

Figure 4 is a perspective view of a semiconductor chip 
related to a modified embodiment of this invention shown in 
figures 1 to 3 . 

Figure 5 is a plan view of the multichip module related 
to a modified embodiment of this invention shown in figures 
1 to 3. 

Figure 6 is a perspective view of a multichip module 
incorporated in a conventional semiconductor device. 

Figure 7 is a cross-section showing a conventional 
semiconductor device • 

Figure 8 is a perspective view of a multichip module in 
which semiconductor chips are adjacently arranged. 

20: Semiconductor device 

21: Multichip module 

22 and 22a to 22d: Semiconductor chips 

23 : Solder bumps 

24: Substrate 

25: Resin 

27: Package 

28: Internal electrode 

29: External connection electrode 

30: Wire 

31: Lead 

32: Cap 

33 and 35: Resin-filled sections 

34: Notch 
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